m,\zsms o e

NATIONAL ADVISORY COMMI’[TEE
FOR AERONAUTICS -

TECHNICAL NOTE
Fo. 1056

THE EFFECTS OF VARIOUS PARAMETERS ON THE
LOAD AT WHICH SPRAY'ENTERS THE '
PROPELLERS OF A FLYING BOAT

By John R. Dawson and Robert C. ralter R

Langley HMemorial Aeronautlcal Laboratory

Langley F‘ield, Va.

“ashington T ST G I YN
May 19_;6 o o o S
wdav. o, e
MORIAL AERONAUTIC!I -
IABORATORY R

M”MV& B



“THE STEFECTS OF VARIQUS PARAMST SRS ON.TFIE

(OAD AT wWiticlH SPRAY eNTSRs THS PRoepPeLLER S
oEA FUING BoAT | ' |

BY Johm R. Dawson awd Rebert C. wal Fev
o __ M=y 1946 -
BF The ProPo.se, of 'H/]a\s refaox/‘l‘ s T in vesteg I rho
Sp ¥ay  characteyisfres o f f//(;rzj -boal, X

The Fore btc!/ e FNACA mode LA wiTh Wi ajg power=y
P"O,O@f/e'r’s had beer used-
The resw/?

—— it

oj /oad s aym;as«/‘ 5//eed wi?h TP Couye:
v e f?f/'?c{ '@— o have mz«‘ni'rﬂu’m fofv;fs 1”747‘ d—&ff'/)’Mzo; ey
The jfz—«‘fcsf" /sad THaT couldd b o cavvied wir, eu S’pm;’/

9,‘;*,/,(//‘:; the ,ﬂ)’op%/w_s. laad has beeca used as a d,y;g,,c/e,,.‘
of



wl ¥l

L parc ale ¢+ 2 '7/]'4 a/’ 9 V'é)lf'c'/ o ' 7‘
. ' 7= e/ <

g Her - 74he fwo Types e f sfra/ that” o2
'_rl’om o fo re 56‘<{/V c pressare and l/e/ocx‘[: sffﬂ/) ru-»/

/l:"l./- the g ros s /o ad of * f///,,‘,j b,af/ d¢/0¢,,7‘,:J o

fée C.on'ftzia.r&?‘;on.

Gifect o f um’/'h\j pew er: Jrcreas e po
the (vad at w hieh 5’,(4/ eufered the fra/?-e.//crs.

Gifed of W"7~{7 Frem > srereage Frem irreveas ed
the minimanmt o=f /oad a7 w hich pressare s/yra/ s e e
tie propetlers.

Bff&d—"f U"?"’“j /"s'\r‘-"'” ‘f ,Pf"/?ef/crs.‘ Fh e w1074 r e
load al which spray sFruck tThe /aro/:cl/eys coald H€
varieg J:/ c,/nz;J,,,\'? el Ther the tateyal or -/017‘./3 ’/,,”4/
pesclidn o f the propel/ers.

Ner r cdac ed

- - Y e IR S



The MI:’l Vrturr Jead aéeff,‘ CI‘C”'/‘ a7 wheeh ./Ip).’ess uV.C -5/”/
sfuclk the pra/e,//ers /2 crease d 4//r’0t/'n!qf-o/ Pz eqr'//
w;% H//uaf’d morem-’/‘ﬁ‘ of fbef;ro/e//e/—. /lszfza‘m



o L

NATIOXAL. ADVISORY GOMMITTEE FOR AERONAUTICS

TECHNI CAL NOTE No. 1056

THE EFFECTS OF VARIOUS PARAMETERS ON THE
LOAD AT WHICY SFRAY ENTERS THE
PRCPELIERS OF A FLYING BOAT

By John R. Dawson and Robert C¢. Walter

SUMMARY

The results of experiments made with a technique for
investigating the spray characteristics of flying-boat
models are presented. In the method of testing used, the
minimum load at which spreay strikes powered propellers
was determined for a range of speeds and trims. These
measured loads were vlotted against speed with trim as a
parameter, and the resulting curves were found to have
minimum points that determined the greatest lcad that
could be carried without sprsay striking the propellers.

The forebody of a pointed-step flyling-boat kull was
used for the tests, and the effects of varying trim,. pro-
reller position, end amount of power (exnressed in terms
of disk loading) were investigated. -~ _

Either of the two types of spray that emanate from s
forebody (pressure or veloclty spray) may limit the gross
load of =a flving boat, denending on the configuration.
Increesing the power reduced the load at which spray
entered the propellers. Increasing the trim increased
the minimum load at which pressure spray struck the pro-
pellers but the corresponding load for velocity spray
varied erratically with trim. The normal, lateral, and
longitudinal positions of the vpropellers tended to be near
the positions that would give the smallest value of the
minimum load at which svray struck the propellers. For
pressure spray this minimum load 1Increased approximately
linesrly with upward movement of the propeller position.
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INTRODUCTION

The necessity for keeping the propellers relatively
clear of spray luposes a great handicap in reducing the
alr drag of flying boats, As a result of this require-
ment, hulls are bullt larger than other considerations
demand ~ except In the case of large cargo-carrying alr-
nlanes in which the volume required for cargn apace ls
greater than the volume needed for & configuratlion that
would vrovide adsquate propeller clearance. Methods for
reducing this handicap have been sought for several years
and all tan tests have included some observatlons on
spray conditions. Few systematic spray investligations,
however, have bsan conducted in which quantitatlve data
were obtained, Tn references 1 and 2 dasta on the varl-
ation of spray envelopes were obtalned, but the use of
these data in deeign 1s limited by & lack of quantltative
information on the distortion of the spray envelopes
by propellers. .

Preliminary experiments indlicated that 1t 18 possible
to determine falrly accurately the minimum load at which
an avpreciable amount of s»ray strikes the propsllers of
a powered model running at a given trim and spaed. Thils
vossibiliity suggested that using this load as the dependsnt
variable in spray investigations might be feaslble; conse-
quently, the procedure was tried in Langley tank no. 2
in tests made with a forebody hsving a pointed stern. The
effects of varying trim, esmount of power {(expressed in
terms of disk losding), and propeller position wzsre deter-
mined and the results of these tests are presented herein.
The method of testing that is developsd can be reedily
extended to include study of the effects of these
paramebers on a more conventlonal forebody than that of
the present investigation. The method can be apvlied
also in determining. the effects of varying other deslgn
narameters. : :

Although the method of testing is applicable to a
complete model configuration (forebody in combination
wlith afterbody), the inclusion of.the aftarbody would
restrict the anvlication of the rasults. An &fbtarbody
can affect the amount of soray in the pronsllers in normal
nosltions only by its influence on trim asnd on the per-
centage of the total load carried by the forebody. Tho
effect on trim must be studied in sny case, and the
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percentage of the load carried by the forebody must be
Getermined separately if results of forebody-spray investi-
gations are to have the most general aspplicatlion.

Two convenient terms have been adopted to designete
the two distinct types of spray that . emanate from the side
of & planing surface, such as the forebody of a flying- '
boat hull. One tyre comes directly from the pressures
generated on the bottom of the planing surface and appears
chiefly &s a curved sheet of water, glassy in appearance.
This sheet of water is frequently called,the forebody
blister. The water tnset forms this blister and the loose
narticles associated with 1t wlll be referred to as
Ipressure spray."” The second type of spray appears in
the region where the planing surface enters the water at
the forward edge of the wetted area. This spray, which
is in the form of an irregular jet of broken-up water
narticles, is sometimes called a whisker and will be
referred to as "velocity spray.”

COEFFICIENTS AND SYMBOLS

Cy load coefficient (a/wbJ)
Cy speed coefficient (V/{gb)
C critical load coefficient for pressure spray
Ap
Ca lower critical load coefficient for velocity snféy
L
Ca upper critical leoad coefficient fdr'veloci%y §§;é§
U
w specific weight of water, »pounds Der cubic foot
(63.3 for these tests)
b maximum beam of hull, feet
g acceleration of gravity, feet per second per
second '
v speed, feet per second )

A load on water, pounds
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k nondimensional spray coefficient (spray criterion
of reference 3) -

r radius of propeller *
h height of hull
bd longitudinal distance from step to plane of pro- )

pellers, beams

v lateral distance from center line of model to
center line of propellsr shaft, beams '

z vertlical distance from keel to bottom of propeller
¢circle, beams

T trim of model
MODEL

The model used in the tests was the forebody of
NACA model 35-A. Model 35-A 1s one of a series of
pointed-step hulls, tests of which are reported in refer-
ence 4, This forebody has & constant angle of- dead rise
of 20~ for a distance of 1.7 beams forward of the atep,
a length-beam ratio of li, and no chine flare.

The gesneral arrangement of the model, complete with
simulated wing and powered propellers, 1s shown in flg-
ure 1, A sheet of plywood was used as a wing because the
added complication of & normal wing section did not seenm
justified; furthermore, keeping the 1lift of the wing at
8 minimum was desired because a tare correctlion was to be
made by deducting the 1ift from the observed loads.

Two 0.9-horsepower direct-current motors were mounted
on the wing. Bach of these motors drove & three-blade
18-inch-diameter propeller through a géar box. The pltch
of the propellers was such that they absorbed the full
motor power at approximately 2700 rpm. The propellers
both rotated in the same direction.

The model and fittings were so arranged that the
vpositlon of the wing could be changed elther vertically
or longitudinally, and several wings were provided so
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that the propellers could -be placed at a number of pre-
selected lateral positions. : ) o

APP ARATUS

A schematic drawing of the test setup is shown as
figure 2. The model was attached to a rigid staff that
could move only vertically in a roller cage fastened to
the towing carrisge. A fitting on the end of the staff
permitted the trim of- the model to be fixed at any desired
value. A cable attached to the end of the model staflf
passed -over a sheave and carried a welght pan. Welghts
could be pleced on this pan to counterweigh any desired
part of the weight of the model and thus to change the
load on the model, B '

TEST PROCEDURE

All the tests were made at constant sreeds and fixed
trims., At the start of each run a very light load was
prlaced on the model. When the towing carriage had reached
the desirced constant spesd, power was apnlied to the pro-
pellers. The load on the model was then increased untll
spray reached one of the provellers, and the value of the
load at this point was recorded. TUnder conditions in
which the spray to strike the propellers first was veloclty
spray, the load was further increased untll the losad at
which velocity spray cleared the propellers was deter- L
mined. TUnder these conditions, the lightest load at which
pressure spray struck the propsllers was determined by
further lncreasing the load. The critical load for
pressure spray was thus obtained st all test conditions;’
the upper and lower loads for wvelocilty sprsy were also
obtained whenever they were less than the critlicsl load
for pressure spray. Typlcal photographs showing the spray
conditions at which the loads were measured are given -
as figures 3 to 5.

The critical load for pressure spray was found to
check within about *5 percent; the critical loads for
velocity swnray could not always be determined quite so
accurately because of the broken-up character of the
spray. In all cases the loads weré determined by the
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propeller that was moving down a3 it passed the hull. A
slightly grestsr load was required to csuse pressure spray
to strike the other propeller, but the effect of the
directlon of rotaticn of the propellers on the loads of
velocity spray appeared to be within the accuracy of the
measurerenta.

Some 1iirt was obtained from the simplified wing used.
This 1lift was determined for all test conditions and
deducted as a tare from the measured loads to gilve the
net loads on the water. (Tere medels were Tasped willy powered proellersy

fWhen the measured loads were plotted against speed,
the curves that were obtained hed a minimum point - at &
trim of 0° this minimum was not well defined, but this
trim 1s of little practical significance. The tests
were made over a sufficient rangs of speed *o dstermine
the minimum prints of these curves.

At very low speeds the model could be loaded until
the water washed over the bow without any apprecisble
spray entering the proneller disks. The highest speed_
at which this condition could be found was designated
the bow-wash 1limit.

Trims of 00, 2°, 69, 9°, and, for some configu-
rations, 12° were tested. This renges of trim covers
the range found for conventional hulls at speeds in which
spray is critical. Trim was measured with respect to the
straight part of the keel forward of the step.

The effect on pressure spray of varying power was
determined by making tests with no power, one-half power,
and full power epplied to tiie propellers. One-half
power was obtalned by reducing ti:e current input to the
motors until the product of current and voltage was one-
half that at full power. In the tests with no power the
load that caused the blister to touch a propeller blade
in its lowest position wsas measured.

In order to express the effect of power in terms of
the more general psrameter disk loading, the static
thrust at one-half and full power was measured with a
dead-welght dynamometer. These values of thrust were
divided by the promneller-disk ares to give disk loadings
in terms of pounds of static thrust per square foot—cof
disk area., The statlc thrust was used because the effect
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of speed on thrust would be small in the speed range —
covered in these tests. :

The propeller speed used in the- tests would oprdi-
narily be used for & very large scale model; however,
a checik test wsas made with a propeller of the same
Jiameter but of suck pltch as to aksorb the full nower
of the motor at 360C rpm instead of at 2700 rpm. The
check test showed thet this variation in projeller speed .
id not affect the results if power and propeller ciamster
were held constant. ' T I
The followinz table gives the prodeller positions
tested. (See slso fig. 1.) Diwmensions are given in
miltinles of the mexinum besam b of the model.

Longlitudinal dis- Latersl distance Vertical distance
tance fror step from center line fram keel to
to plans of of model Lo center bottom of pro-
nroazellers, x lire of .nroweller nellsr circle, z
(beams) shaft, y ' (be&ms)
(beans)
1.66 1.50 0.50
1.66 1.50 .75
1.66 1.50 1.00
2,12 1.50 .75 :
1.20 1.50 .75 o
1.656 1.25 .75 -
1.66 2.00 (5
1.66 2.0C .50 -

RESULTS AND DISCUSSION

The data from the tests were all reduced to the usual .
coefficlients based on Frouds's iaw. The -load coefficient
at which pressure spray struck the nropellers is desig- .
niated CAP' (critical load coefficient for »ressure spray).

The lowest load coefficient at which veloclty soray struck
the propsllers at a given speed is desigriated CAL (lower

critical load coefficient for velocity spray), and the .
highest load coefficient et which velacity spray struck the L
srovellers at the seame speed 1s designated CAU (upper =

critical load coefficient for velocity spray).
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Figure 6 1s an 1llustrative figure that presents
typical curves of CAP’ GAU’ and GAL plotted

egainst Cy. The minimum values for CAP and CAL

given by thnese curves are deslgnated C, and Cp .
min Dinin

All results of the tests are gilven in figures 7
to 1y in which €, , Cpn , end C are plotted against
AP AL AU
speed coefficient CV with trim es a parsameter., In fig-
ure 8, the propeller-disk loading (ratio of static thrust
to propeller-disk ares) is &lso included as a vparsmeter.

All the curves for pressure spray CAP with the

exception of those at a trim of 0° have a pronounced
minimum value that-occurs between svpeed coefficients of 1.5
end 2.5: In general, the miniwmum value for velocity
spray Cp 1s shown by these figures to be less than
nin
the minimum value for pressure s»ray CAP N ; exceptlons
min _
ceccur at low trims for all rosltlons of the pronellers
and at all trims for the highest vositlon of the pro-
pellers. The curves show that for a glven speed there
1s a definite range of load cocefficient in which veloclty
spray strikes the propellers; eilther above or below this
range the veloclty s»ray will clear the propellers. As
load on the model was Increased, the velocity spray
approached the propeller from behind untll the spray
ertered the propeller disik on the inboard side. A further
increase in load was possible up to a value at which the
water llne was so far forward that the velocity spray
would again clear the propellers by passing them on the
outboard slde. The amount of suyray vassling through the
vropeller disks varisd throughout this load range; that
is, the sopray was light at both the lower and upper load
limits and reached a maximum at some load between these
limits. The svwray in the propellers at either the lower
or upper critliceael load coefficlient for veloclty spray cA
) L

or OAU was less severe than at the critical load coeffi-

cient for pressure spray GAP.
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The curves show that a substantial gain in load

capacity can be obtained if chine flare is effective in

raising the minimum value of load in which velocity svray

might be troublesome to & value abovs that for C&P .

min .

The data given in reference 5 indicate that chine flare e a—
can usually control velocity spray; therefore, CAP
min _
becomes the critical value that uzually deterwines the load
capaclty of the hull. Under such a condition, CA
Pmin
represents the grestest load that cen be carried without

spray striking the propellsrs, ' . R —

Effect of Varylng Power

The effect of varying power on .CAP is shown in

figure 8 in which power is expressed in terms of disk
loading - also in figure 15 in which Ca " is plotted
min
against propeller-disk loading. For a typical trim of 6° e
filgure 15 shows that application of full power reduces :
Ca approximately 22 percent. About two-thirds of
Pmin _ . .
thls reductlon was obtained with one-half power. These.
results agree with the observations of reference 6. The
percent reduction of Cp caused by power tended to
min
increase with increasing trim. _ . : . —

Alitrough the effect on CAL and dAU of varying

power was not measured, observation showed the effect to
be generally similer to that on CAP. :

Effect of Varying Trim

The effect of verying trim can be seen in figures 15
to 18. These figures show that Ca increases with
Pmin i _ ]
increasing trim but at a decreasing rate of change. . L
Increasing the trim from 6° to 9° gave an average increase



10 NACA TN No. 1056

in CAP of gbout 0.05 or epproximavtely % percent per
min _
degree increase in trim. The speed coeificient at which
Cp occurred tended to decrease with increasing trim.
P

min
(See figs. 7 to 1h.)

The effect of trlm on velocity spray was less con-
sistent than the effect of trim on pressure spray. In
general, however, the highest values for CALm were

in

obtained at a trim of ©°, and lower values were obtained
et both higher and lower trime. (See figs. 16 to 18.)
The speed coefficlents at which . CAL . " occurred s&lsc

'‘min
tended to decrease wititr increasing trim. These results
indicate that if velocity spray 18 adequately controlled
by chine flare an 1increase in the limit lmposed by spray
on tne gross load mignt be obtsained by increasing the trim
ol a flying-boat hull in the spesd range below hump speed,
On thls basis, a slight reduction in the size of a flying-
boat hull might be obtained by increasing the trim at
low sveeds, but only about 1 percent decrease 1n plan-~
form dimensions could be cbtained for each degree of
ircrease in trim. Thils decreasse however ls too small
to warrasnt much consideretion in design.

Effect of Varying Position of Propellers

Effect of longitudinal position.- The effect of
verying the longitudinal positlon of the propellers is
shown in figure 16 in which Cy and Cp are

Prin Tmin

plotted against the distance x, in beams, of the propellsars
forward of the step. O0f the thres posltions tested
(L.20b, l.66b,and 2.12b), the lowest value of C,

Pmin
for all trims was obtained with the propeller at 1.66b
forward of the step. The indicatlons are that as trim is
increased the longitudinal position of the propellers
for the minimum value of cAP moves aft slightly.

min
At a trim of 6°, moving the propellers forward 1/2 beam
from .the most adverse positinn for pressure spray would
allow an increase In (p of about 15 percent.
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At trims of 6° and 9°, ¢ increased at en
A

Lnin -
increasing rate as the propellers were moved forward. At
a trim of 39, ¢, varied in about the same manner

in - S s
838 Gy and the difference in magnitude between the
Pmin
two was very small.

Normal operating trims 1in the speed range under
considerstion are above 3¢, At tlhese trims, the indi-
cations are that the most forward position at which the
propellesrs can be placed wounld result in the least diffi-
culty with both »ressure and velocity spray. The possi-
bllities of the advantage of this trend, Lhowever, are
limited by balance considerations for the airplane.

Bffect of lateral.position.- The effect of changing
the latereal position ol the propellers 1s shown in fig-
ure 17 in walch G, and Cp are plotted against

Pnin min
tine distance ¥y, 1in beams, from the center lime of the = ..
model to the center line of the propeller shaft. The ’ e
curves of Cp tend to have a minimum polint and the
min .
lateral position of the propellers et which this minimum
occurs tends to move outboard with Increasing trim. At
a trim of 6°, CAP 1s increased about 15 percent as :
min e

the propellers are moved 1/2 beam outboard from the posi-
tion of minimum load. '

The way in which GALm varles with lateral position
in s
of the propellers is affected greatly by trim. At a trim
of 30, the curve for Ca has a minlmum point whereas
in

the curves at trims of 6° and 9° have a maximum point.

At a normal trim of 6°, chine flare apvears to be
important in order to control velocity spray if the pro-
pellers are placed either close inboard or far outbosard. _
If, however, velocity soray is controllsd by chine flears, o
the least difficulty wilth spray will be obtained by -
placing the propsllers as far outboard as possible. .
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Effect of wertical voslition.- The effect of varying
the vertical poslition of the propellers 1s shown In fig-
ure 18 in which G, and Cp are plotted against

Pmin Imin
the distance 2z, in teams, between the keel and the
bottom of the propeller circle. The varlation of GAP N
min

with 2z 1s nearly linear end the slope of the curve
inéreases with increasing trim.

The wvalue of GAI N increesss with increasing
“mln
values of 2z {increasing propeller clearance); but wilth

a distance 2z of more than apout 0.%0b, C, is
Imin
creater than CAP . end is, thersefore, of no signifi-
min

cance. The indicetions are tnat with large propeller
clearsnces chine flare 1s not needéd to control veloclty
spray. :

The curves of figure 18 can bte used to show the effect
of the vertical distance z on the size of forebody )
required to carry & given load if the spray coefficient k
of reference 3 is assumed to give a valid relatlon botween
forebody length and besm Tor given spray characteristics.

For purposes of illustration, a forebody (similar to
the one tested) is assumed to carry & load of 56,500 pounds
and the trim in the critical spray reglon l1s assumed to
be 6°, From figure 18, a value of C, = 0.57 1is obtalned
for a vertical distance =z3 of 1.00bj. The beam bj

required for this load is 10 feet and the radius of the
nropellers r 1is O.69bl or 6.9 feet, If the hull is
faired in such & way that its top 1s at the level of the
propeller shafts, bthe height of the hull hjy will be

hy =273 +r
= 10.0 + 6.9
= 16.9 feet
Therefore
byhy = 169 square feet
and

by + hy = 26.9 feet
1 1
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If the vertical distance were decreased to
zp = 0.90b7 and the propeller radius were to remain

6.9 feet, the height would become

hs = 9.0 + 6.9

= 15,9 feet

and the load coefficient would be reduced to a value
Cp, = 0.527 (fig. 18). If no changes in forebody plan-

form dimensions were made, the load would then have to
be reduced to 33%,700 pounds. If, instead of reducing
the load, the load were held constant at 36,500 pounds
by increasing the beam - the forebody length L, to

remain constent -. the value to which the bsam must be
increased can be obtalned from equation (2) of refer-
ence 3

k = & 2
which may be wrltten

A 2

= kwLpe

For a given position of the propellers and for given
spray characteristics, k will remain constant. Since
in the present case it is also desired to hold w R
and Ly constant, all the values on the right hand side

of this equation ars constant, and for zp = 9.0

A
w2 = —33.700
1

23,7100 . e
10 - :

= 3370

The given spray conditions can be malntained by keeping
the ratio of the load to the beam equal to 3370 as long
as nd> other changes in the configuration are made. These
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spray conditions will also be the same as those obtalned
with a load of 36,500 pounds when by = 10 and z3 = 10.0.

In order to keev these same spray conditilions with a value
of zp = 9.0 but for.a load of 26,500 pounds

236,900 _ 5,0,

b2
or
by = 26,500
5370
= 10.8% reet
Therofcre
bh, = 172 square feet
and

bs + hs = 26.73 feet
2 2

Similar calculations were made for other values of
vertical distance by use of the curves of figure 18 at
e trim of 6° for botn pressure and veloclty spray. The
same calculations were also made for a gross load of
29,L00 pounds. The results of thess calculations are
plotted in figure 19 in nondimensional form where

2 1
bh(g) /3 end (b + h) g) /3 are plotted against

1 )
(h - v){— /5. The product bh 1s proportional to the
A

frontal areea of the hull, and the sum b + h 18 pro-
portional to the periphery or, for a hull of constant
length, 1s proportional to the skin area.
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Tigure 19 shows tlist if the provsllers are placsd
low, botn the neriphery and frontal area must be very
i1eros if veloclty s»ray 1s not controllied. The curves
for nressure spray show that tae frontal area of the hull
tends Lo decrease as the »nropellers are moved up, but
;novling the wropellers vertically hes less &lffect on the

neriphery of the hull than on frontal area. The periphery —

tends to be a wminimws at some value of (b - 1) g)

that eapparently varies wilth the gross load. Since the
affect on frontal area is so much greater thian on perinhery,
the indications are thiat less air drag will be obtalned o
by placing tie propellers high and using a relstively

narrow hull than by pleacing the progellers low and using

a wide hull. If the wrcpellers are niaced sufficiently
high, veloclty spray will not immose a limitation on load
and 1t should be possible to omit chine flare and thereby

tc obtain a further reduction in alr drag.

Spray Linitatlons in Service

In service, a certain amount of s»ray can be toler-
ated by the nromellers of a flying boat during take-off.
Tr.e amount that can be tolerated is aflfected by types and
materials of pronellers, cost and time for replacing them,— -
roughness of water, tactical and operational requirements,
and other simllar factors. GHven the ratio of thrust te
water rnsistance hes an anpreciavle affect because or “the
way the ratioc aflfects the time required to accelersie
nhrouzh the range of sieed in which “ad spray conditions
occur., Although increasing the thrust *ends ito -decrsase
e minimum load at which svoray strikes the ﬁPOdnllers,
ci'e resultant incresase in accelerauion nay be sufrl cient
te mermit an actual Ilncrease ir the load permissible. for
take-off. The .effect of factors such as these on__ -
acceptable gross loads cen be determined from operating
sxnerience. These effscts can be evaluated in the form
of increments of load to be added to or deducted from
tine minimum lcad at which snoray strikes the prcpellers.,
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CONCLUSIONS

An investigation to determine the effects of varilcus
parsmeters on the ‘load at which spray enters the pro-
pellers of a flving boat resulted in the following con-
clusionss

l. The lightest load at which spray strlkes the
provellers of a powersd model when under way can be
determined with sufficient accurecy to permlt the use
of this load as a dependent verisble 1n svray investi-
gatlons of flying boats.

2. Either of the two types of spray that smanate
from a forebody (pressure or veloclty spray) mey limit
the gross load of a flying boat, denending on the confi~-
guration., At high trims and high propeller positions
pressure spray will be the limlting factor even if no
chine flare 1s used to control veloclty spray.

%2, Increasing power reduced the locad at which spray
entered the pronellers of a flying boat although the
resultant increase in acceleration might be sufficlent
to permit take-offs at greater gross 1oads without spray
difficulties,

L. Increasing trim increased the minimum load at
which pressure spray struck tiie propellers. The minimum
load at which veloclty spray struck the propellers varied
erratically with trim but tended to be gresastest near a
trim of 6°,

5. f&he minimum load at which spray struck the pro-
nellers could be varied by changing either the lateral
or longltudlinal pcaitien of the propellersy Because of
other considerations the normal positions of the pro-
pellers tended tc be near the positions that would glve
the smallest value of this minimum load.

6. The minimum load coefficient at which pressure
spray struck the propellers increased avproximately



NACA TN No. 1056 17

linearly with uvpward movement of the propellsr position;
the rate of increase bscame learger with lncreasing trim.

Langley llemorial Aeronautical Laboratory
Natlonal Advisory Committee for Asronautics
Langley Fleld, Va., February 20, 1946
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{a) Full power.

{b) No pover.

Figure 3.- Spray photographs of model at critical load for pressure spray with

full gower and at the same load with no power. Cp = 0.484;
T = 6Y,

Cv = 2.03;
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(a) One-half power.

(b) No power.

Figure 4.- Spray photographs of model at critical load for pressure spray with
C Ll 2003.
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half power and at the same load with no power.
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Figure 9.~ Spray photographs of model at lower and upper critical joads for
. velocity spray with full power.
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